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ilCIBMii^- & iff #J ^ b l -d <D ^ iz ;i/ i: 1 o b y V x * £ V 

w ic«« u fe * © -e ft s i laig © 

[it #m 5 ] M^fojtc <fc oT^©iiiMt5i^i?&^ ^ 

&»JlC^LfeM^J-9-^-fe;i/S:n 2 ( n 2 2 g±OliiCt$)S) MflflCjg 
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ISIS* ^ U T l> 4 (Dm 1 #fttCM& fulB* =E U -fe;i/fC^* tlSH^ h 5> > 

^X^©^f- h«ai:L/Tiltgi-§^lgHa^, 
ffjfS* CDH 2 #[rJ{C®£ u tuts* u -fe;i/©-^ic^$ frtcm 

U 

fc^^TrsisiiW, ffffa^i^iBj{ciii^t-^fi&cD^^'j^;i/<7)iiij?&i:ii:^jjc^ 
mmz'D^xm-'&mfr&ismmn^zAtiL. mwzmmztit-mmmoim 

[fl#3Cl 0] 
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[»nii<BffMi&«i»] 

[0 0 0 1] 

0 

^afSMt^yisitJcwu mzvy^^mnMm (TMRttunn 

el magneto resistive) ^J^^COM^MU (MR : Magneto Resistive) 
[0 0 0 2] 

i£^> ^b^^rnlCioT^ffl^^b-t^^^m^ (Magneto Resistiv 
e Effect) £U§V^RAM (Random Access Memory) &^#>T V^ 0 

fifil^$:MV^cRAMl:MRAM (Magneto-resistive RAM) h^tS. M% 
©m^iCli. M^ffi^®^* (AMR) ^g^S^m^ (GMR) # 

jfi^&JH (TMR) ^^T^<2>^"e^B^tlT^-g> 0 
[0 0 0 3] 

tmr&mvn^^^^a;!/^^^, Kmmvzm, mm^m i^ym) . mm. 
m (by%)im) , $»f£js (7'j-s) (Dmrnmrnzmis. mtj (Magnetic 

Tunnel Junction) jfry-fc fc^tftlS. S»«HtSi±»^-r*3tlKffi» (tT>* 
[0 0 0 4] 

ItfgBJKSfr&IB&jWC, TMR^&SV^^^'Ji? (M RAM) tt*$M& 
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„ ZlCDfeib D RAM (Dynamic Random Access Memory) M 2* CD ^3iJg ^ 
(o£ *J f>) , EE PROM (electrical erasable Read Only Memory) 

CD J: ^fc^ifUMS^y SrH^^^Sc SRAM (Static Random Access 

Memory) CDJ^&U 7 1/y L & VN0fM ^ U Ht^H^"?? £ 

<£>„ ua^, e e PROM(D&?izmm<Dm£Mx.mmizmmtf&<. 

glX-it-gtE E P ROM(Ci:biebT^|g}Cit^ 0 tS#fflU ^i&^CDiS^tjDR 

AMi^t^s. rco zotefatbrmMte* u >y h^litsf^, mram 

So 

[0 0 0 5] 

MRAM©i*{fitfe £Z$m&frJjmZ. iz;i/CDftJ&£ £tffc? >y hl§L 

[0 0 0 6] 

tib?>y h^JC^M$tlS 0 t^y h^tt®T®tC^VNTTMRilT-COJ:gPiCSHff$tl 
So Vfy M^^M^^lRlSrZlZlTlilll^f^ili-So ^^'JtMi^^'JT^ 1 

U -fe 71/ (TMRi?) #®^£n3o rC0^^6U^DRAMC0^i:|lI#^ 

®^h^>e7x3?co KU>r >^TMR^^i:ii3l^iS[CDtfr3t;-;i/fe§ 
v ^ & * ;i/ - * - ;i/ ft co#* y ^ V £ <fc tffEIS £ it L T gift $ ft 2> „ 

[0 0 0 7] 
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[0 0 0 8] 
[0 0 0 9] 

[0 0 10] 
[0 0 1 l ] 

nmmhu- K^5:Mv^^ 0 mmmmiz i o^t^y iomlc;- kik 

[0 0 12] 
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m&frmitmzb-Dg&i&m. ¥>m<D&%. j \t^v$>z> 0 #c mram 

[0013] 
[0014] 

tc j: s ism^t co & & m -r s 3 ^ # mm iz & y , * ^ y 12 ;i/ tftttaiHt 2 ti -5 £ 
ffiffittas-fb'fc/.bs <&y, e>og©#*# 3 e^c* #icjg#i;^fb# 

<tezmzte*<Dmwi*mmT*%&^ a 2bizm%.mffim*<?>&®.£ it, 

*vvi^7:*«jEEjWj6&3*ifc£gK:, a-fb^iRicoffiBtc ££|g£vf«fl: (MR 

[0 0 15] 

■?Z>Z.£lZ3bZ>a 

[0016] 

1 try h©ra«#aB»s*i<&* i ey-fe;wc, «»ssE3R^3^*^i*fettafe^r»cte 
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m s ti z> -9- ji & & > m sa-tf- ^ ■& ^ * * r=. \t m.n Kmrn-tzztiz 

It'tS. *«©«A«t«*^Tllfy h©f»*S:|BI»'r-5fe«), ^©s> 

*>©i o©«««m* : ?'©smiiSEft^sv^»-&-e»oT ! fc, ^^u-fe/i/^i* 

[0 0 17] 

mm& <d m±^<Dmw:<7) « tc , * ^ y -tr <?> a j^mf* tsit^ 
<, Miatmj^cDse^^M^^M-rs^^T', i try h Sria^-rs^^y iz;kzmr 

£#<l (o£ y#««©^^ey izji$:&m$&z$mmzmffi-?2>) , 

[0 0 18] 

*H^iffl*^IW^^*^W&^JIHbTSire'rti«^T©4:J3y-eS)«. 

SjSi^&^^'JtjW:^, *^y-fer;t/T* 1 try h ©'Wfg$rfB^"r^^ffl§ffi 
^'JiSt'feot, ^y 1z;hc&, i^gii? &^i:< t% l o^t^ 

[0 0 19] 

n x m^m^mmm^^mmzmmLtc 1 -Dommv- 

7±)l£ l^<DM1Rb5yVX* £.T*mf&Ztl, jl^y-fe/l/tt, n 2 f@©-b-y-t2 
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Mi^t i -D&mmh^yvx* tzmmzn. **vmm*. n^^-^y 

[0 0 2 0] 
[0 0 2 1] 
[0 0 2 2] 

*mmz>*=evmm\t, i-D<^m%m,mm^t io®s«h7>^^ 

[0 0 2 3] 
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vmmfrbo i try hommomfrmuz, mmom immiz-D^xm-^m^ 

[0 0 2 4] 

[0 0 2 5] 

(Hl£©^ffit 1 ) 

friz-? ^xmLtcmmmT* & z> 0 muz^-tz^iz, *mma>mm<D*^vmm 

It. WtmisV- KiWLR, fM^-MlWLW, *&*t8fflUl^y NUB L 
W/R£J:t>*#&<frfcf >y bi$gB LWIittS. iffiU^- Ki»W L R £ <fc 
*C7-K«SlWLWtt»l^^ (H^y^fBjT^-T) JCjEfiLT^rtatl, 
MffiLt^y h^B LW/R&itm&^tfy S^B LWliU 1 * foJ tCtSlf^ SC & 

"7- K*8WLR33J:£m&#t7- K3S8WLW) fcAtftf y h|| (*&#£gfflUlf 
»y h&gB LW/Rfc«fctf»j&#t^y h^B LW) (D&j!HZ\Z* ^ V iz;i/MC#jffi 

[0 0 2 6] 

fcfc. Ell (CfeV^T^l^'fBI&-5V^^i||2^•fBI^C|||g|bTKS$tl-5fc^'^y hi^ 

fcfy hm&£Zfy- FMHDtt&m&Z. bt#f a iT&frlp, IffilU- KIW 
LR 1 fe*tJf»a*t7- FIWLW1 fc*&#SBfflbfcrv hBB LW/R 1 fc<k 
t^y bBB LW1 ©£j&tCffig3*i5*^y-fe;w*MC x x V&Z> 0 M 
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OCD^^EU t;i/MC x A , MC 12 , MC 21> M C 2 2 Sra*"****, 
'Jt;i/MC 1 ^I^btiifl,. #>l€'Jt^MC (MC n , MC 

12> mc 21 , mc 22 ) &£&Mc*Mm-tz>mm (t^t^SC 1, SC 

2, l^JgialfMTJl~4, S^h7>^3tTrl, Tr2|) ft, 01? 

n U , ri2j, r 2 ij, r2 2j gTOii^t'tti 

^=E'J t;i/MC n *rilj ©fR^&^-r. fffiGD^U t;i/MC x 2 , MC 2 
x , MC 2 2 fccfctF^L&VN;*^'; -fe/I/fCoV\Ttt^ i EU tjl/MC x x 

[0 0 2 7] 

^^'jt^MCit s c l fei^^t^ s c 2 fe^tf. -y->^-fe;i/S 

C 1 IZlZmMI&ffim^'MT J l, MTJ 2fc«fctfig#lh9>S?*#T r 1 fc^-fr 

0 VzftJlSC 2iZitmM i m,tfCm^'MT J 3, MT J 4 ;i3J:tf38#h^>S?;*# 
T r 2 ^g^i^MT Jl~4[t t^*^(Z)^T*ii^ h fc^JgJSt 

«5t$:#Oo fct^.«nft*;WMOSFET (Meta 

1 Oxide Semiconductor Field Effect Transistor) 

[0 0 2 8] 

m^mtj i £mt j 2 fcttsv^caft^ucgM&sti, 

#f*ffiLtfy hi»B LW/RJC&iffi3*iS 0 fffiSStt, Ilih7V^^Trl0 

) ic&fft3;h&. ^t;i/scusc2it 3?j&#s8fflLfcfy h^B 

[0 0 2 9] 
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mm (b) -e&3 0 euscs^t. g$^t-£*^y i^wi^w&LTv^,, stem 
2 (b) <d$t®0&, in 2 (a) (D^mmiz&v&b-bmmmz^-to 

[0 0 3 0] 

2 & £ £ x limit J/'J3^^^ 0 H^HM^ 2 it i: x. l <D 

SffiCi5:MLfetiCifti/'Jn»g5:CVD (Chemical Vapor Deposition 
) *£{C<fcU^J&U CMP (Chemical Mechanical Polishing) &£M^TjgJ^ 

[0 0 3 1 ] 

v^ffiM^ 3*mmi,T ^mftmm 1 _t iz m u ? - k« w l r $ n „ 

iffibU-FiWLR(iIlib7>^3fTr 1, Tr 2 0^-h«itlti 

-hmmmitfMmzn, v- hmmnm<Dmmim3<Dmmfimat, y-* 
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[0 0 3 2] 

^##fig«5<Z)±a$lCtt^ , 9^PS:^bT^lJ»^»aBJ« (Ml) #7gJ&3*l 

mi tea, Mh7>^x^Trioy-^i:fMe>yhiBLWi:l: 
igitt-rsfeSxon-^^/BBJiSH 1 S:^tf» zf^VP £KifeSM 1 ©^ictt 

f£ic £ r s/ > ^ n iz x ©^fp! te#WfT a □ 

[0 0 3 3] 

m l M^MMH^M 1 ©_hiP jc ^ P & ^ L T» 2 jf^MSH^M 2 $ 
tlZ> 0 M2Kli, S5i*i7- Ki»WLWS:^tf. FifelW L W& y #|oJ 

izm&LTm-f&zti, m^.wim-r^m^m.mm^MT j i, mtj2, mtj3 

[0 0 3 4] 

<fc "9 ICMT J 1 ~4 14 H— JgT*0J&£;ft, MT J 1 £MT J 2 © V U -Jf 7 
He-lJC, MT J 3 tMT J4©7U-JS7^BB*St6-2tCg?LT^S*l<6 
o BBH6-1, 6 - 2 {4#4ry^^P^<fct>*M2, Ml^ltMb7>^ 
*Tr 1, Tr 2 © F l/>f > iCg^S MT J 1 tMT J 2 ©M^ttM 1 0 

, MT J 3 t.MT J 4©HlttMl 0tt#^#5i*SliffiLtry hifiRB LW/Rt 
»a*tfy h»BLW»C|S«ia*lS. "tfcfo"^ ra^MTJUMTJ 
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Tji~4ii. mzat ? v -mi, mmma. mm&fowy 
zm-iT^jek^o yv-mi 38&&¥yM2fc\zrc£x.i l £nrt)ih ceo) m& 

Jg8lCte, i/Vziymitm&ZWtTJIZ-}' (A1 2 0 3 ) Jg|£MV^ri:#T* 
[0 0 3 5] 

i^g^i^MT J 1 ~4 ©±g[5(Cli, &3tf^«ffii»M3#Jg/*3*l£. M 
frMmisi? *J hBB LW/R&x#falCjE#U MT J 1 fiitfMT J 2 _hiC, 
3 £J:t>*MT J 4±{C, ±> izWt L TMf&Z tl-S. SM^^MIBL 

[0 0 3 6] 

iota i ©tag&fen^'rsr ^fcartB-efes,, t&fBbfc^yiz^Mc 

[0 0 3 7] 

StW-TS. ^y-fe^MClC-r-* lCi£, T r 1 i3 itKT r 2 & 

, m&frV- KJ»WLWlC«8fc&iffi1-. i<D«5IStCj:S^?K#tCJ:oT7y- 
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Jf7©M:;£iBj£&#>£ 0 8tft©:£i*jtc<fcoT r i j tfcit roj ©ltfyh-ht 

[0 0 3 8] 

U i?;i/MClCfa#£nTV^##£M#ffit-tC«, T r 1 £J:t>*T r 2 £ 

T^&mfcznwr&o ?v -mt^ym^m^m^mLx^^m^. mm 

„ ^*uc«fc y IBIS £*i£'fjf## r i j fji r o j fr&m!It-£ 0 iffilic^ 
s * ^ y ir ;i/ ^ © ^ h ^ > V x * it * y V^M (c -t & 0 

[0 0 3 9] 

J l~4-efH^$tl-g>o ^LT#^^m^tt2o$r»JtC, £«blC, »JiC 
^$tife2o©^Sm^$:2o[i:^J{C^t--2>^?:^-g>o 

1 /2 tC/jN^ < & »J, m^tCiHSt- §^^^(Z)^^M^'ffi<Z)<ST?:aifJ 

[0 0 4 0] 

iMft?:r2i:t5 0 3<De>%, 1 ^©MT J ^IC®iiIfl:^*< r 1 
(rl<r2) LfrmkLte^tUfetZ* ZL <D J: o 

[0 0 4 1] 

*ii©ii©^ ^ 'j r t o t a i t-rmz. 

R t o t a 1 = (R+r2) (1-Ar / (4R + 4r2-2Ar) } 
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= (R+r2) (l-Ar/(4R + 4r2)) 
= R + r 2 - A r /4 
3 r 1 = r 2 - A r . 4 R + 4 r 2 >> 2 A r , £Lfc 0 o*»J, 1 OCD 

fe^(Df^# (A r = r 2 - r 1) {Ci«LT. ^(Z>f£«£ 1/4 tC^Sr 

[0 0 4 2] 

Z(D&o K.*mM(Z>mM(D* =E U -fe /I/ IC J: tl > iff £fltfb jg0 -r -5 «§fE^S 
(2X2) ©ttjKfitftJfrf'&flHiSbfctf, 3 X 3 *>SV^i-^tlJK±©^i!C^*t5R 

z:h#T*£5o 3«btc, 2X2, 3x3f, ^Lv^coife^Jiic^HSI^JcPSb'r, 

2X3. 3X4, 2 X 4^M^-5MiS[^)M^JfeSV^«l^^J^i:-r•2.3«!l : feJRrtg 
ftl&tf&Stf, HI 2 (a) <£>^®EHc^-r J: -5 JC, 1MT J + lTr®ft^M 

[0 0 4 3] 

m*. iffiia-KlWLR-l, WLR-2, i^U-KHWLW-l, W 
LW-2, tf^MBL^fS. t7-Ki» (isffibC— FIWL R — 1 , WL 
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R-2, m&frV- FiWLW- 1 , WLW-2) iiH 1 (Ef^ y :frfRj-e*t 

j£jCli*^U i2;i/MC#@Bg3*lS 0 Ef3 iCfc^Thfy YU^^XSV- K 

^ic#-t#-^, ^^Uir;i/MC^(c#i-^x.^<z)MJttll^(Z)^Mi 

[0 0 4 4] 

C llCli^Sm^MT J 1, MT J 2 &£TtmiRh^>i?*ZT r 1 Sr-g'ti' 
. -V~7-kJlSC2iZi$mm&ffim*MT J 3, MTJ4^J:t;i|{h7>i;x^ 
T r 2 £^fr„ gMI^MTJ 1-4, «lhr7>^X#T r 1, T r 2 (i 

> |g;tfc(D01ffi 1 £ ITO 

[0 0 4 5] 

MIMTJ 1 £MT J 2 tlZKit^lzMmzmmZfts ^(D-^iZ^y 

> m^m,tfim^MT j 3 £mt j 4 £&m^z\g.mzmmzn. ^o-mz^v 
, t^t;i/sc i feitfsc 2iiif>y m*§b l tm^t<Dm^mmzmm^ 

[0 0 4 6] 

MEI (b) T?&S 0 ®4 fC£V^, S * ^ U iz;Wi#l& LT V^S. ^fegl 

4 (b) ©Wt®BII±, 04 (a) <Z>^®EUCfctf£ b - blil^^t, 
[0 0 4 7] 

2, 4*-h«fi»0;4, ^#^fi^5, ^-b«s©M«»cHi-siB«, miJS^ 

MsuMi, n 2 js^msb^m 2 , n 3 ji&mrirm 3 , mmmmm. 
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I?mt j ommz ovarii, H^©^®a iHsPBl-e&Se J:ot#I«ii 

[0 0 4 8] 

^jgcD^T-tt, tyt;i/sc i h sc 2 zxjjfaizmmLTmm-tz* -r 

WLR-1, WL R- 2 5: y^fBjJC^^LT^t-^o WLR-UWLR-2 
ttx^lBKCP^LTSHft-r^c FIWL R- 1 , WLR-2&. 

[0 0 4 9] 

*nj6<^^T^i, i^iiifMT jumtj 2 mtw-mzmm-? 

MF7>^X^T r 1 <D KIM >^<?>3I£±tf 
^£*l£n-#;i«jU 2 5:MT J 2£>T3l5£l?^J$U MT J 2(D±mzm 

gbfea-^;i/Mi 4 iiMT j i <DT3^mm^f=.u-^Amm 3 1*-?^ 

^15T'iit-5. -eL/t, MT J 1 <D±BZ7^tfl 6 £^bTt? y MB L 

izmm-tz. &t~. i^fi^i^MT j 3 zmt j 4 *jw.mzmm?z> 0 mmx 

[0 0 5 0] 

J:oTI1I3 ©taS5&$:||Jit--£>r ^t)Br|g^fe-5 0 fuSB L £ ;* ^ V ± JVM C 

s z. t tetomx* & Z> . 

[0 0 5 1] 

tf^SUCU If^b^BL^, FiWLW- 1 , LWL-2iCfS 

$:^-r o rOi^:J:SMI#{aoT7'J -Jf7<Z)M;#|6]£&#)£ 0 flBflS 
©^•iBllcioT r 1 j £f-\z roj © 1 t? y hW#S:iH^-r^ 0 m&&V 
- FiHWLW- 1, LWL- 2 {C|^J-^|pI(Z)«^§:gfEt-r £\,Z%}mT*&£ a 
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[0 0 5 2] 

iz;i/MClCfB#£4xT^3M£Ss^m^{C&> Trl £=fc£>*T r 2 £ 
1, WL R- 2 &/W l^;i/mElC-tS) , lf^h||BL{cM©«||?:^lt 

r i j r 0j ^fewaa-r*. ^mutc^s^^y-fe^^©^ 

[0 0 5 3] 

JC&tC lMTJ+lTr IZitmhX 2-fgJCi®^&V^ M RJfc(B/t>f T *«ffiflt 
[0054] 

^y^«li, SSfflL?- KMtWLR- 1, WLR-2, FiWLW- 
1, WLW-2, «5i*aKffiblfv hi»B LW/Rfiitffii*^*; MSB LW 
*m-f2>o V-FM (M&LV- KIWLR - 1 , WLR-2, 3?&*t7-Kil» 
WLW-1, WLW-2) li^l^ftj (Ef*y#|frjT^f ) JCj£<£LT^Stl 
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, \zv bm (m&frmmhifv msb Lw/Rfei^a*^ v yub lw) » 
hi ^fBjic«^fi^^f6jcDm2^fpj (0^x^rsi-e^i-) izm&vxj&i&iiti 

, EI5tc^v%Ttf y hifcgfccfctf'?- KMUc^-TS-^, * i ey-fe;i/MC^K:tf'f8& 
*.^©»m§jgi£(Z>7£lS l i: MtT*& 3 . 

[0 0 5 5] 

^€'JtJI/MCIt 4o0t^t;i/SCl, S C 2 , SC3, SC4^tf. 
f^t^SC 1 iCttimifMT J 1 &&&mm.b?>i?Z2T r 1 &-£tf 
■ ^^-tr;i/S C 2 iZitm^mmm^-MT J 2fei«b7>^^Tr 2 
tf. V?1z;\sSC3Kteffim,m,ffim*MT J 3 fc<fctf5g#Ih v>^X#T r 3 & 
#tfo t^SC4 iC iii^i^MT J 4 £ J: Ztmm N7>^^Tr4 
MiifMTJl-4, S«h5>^^Tr l~4t±, MM^M 

mi tmmT'&z. 

[0 0 5 6] 

iMi^MTJl, MTJ2©- Sg«, ^ii^^mutf V bMB LW/R 

ic^stis. fleagti, MjRh^^^nn, t r 2© >fcg^ 

£*l£ 0 j8flh^>^^df T r 1, T r 2 © V-^tt^i*^ y h^B LWCg 
M£*l£o iMii^MT J 3 £MT J 4 0>— SSlift&ifrlfy hifegB LWCg 
M$tl§ 0 fl&Sgtt, #^M^7>^^Tr 3, T r 4 CD K^>f >lC^M3tl 
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